• 2) As shown in the next Section, pulsar surveys have shown that the largest (V Fig.1(c) ). That is, V ⋆ changes by more than an order of magnitude.
Determination of pulsar parallaxes and proper motions addresses fundamental astrophysical open issues. Here, after scrutinizing the ATNF Catalog searching for pulsar distances and proper motions, we verify that for an ATNF sample of 212 Galactic run away pulsars (RAPs), which currently run across the Galaxy at very high speed and undergo large displacements, some gravitational-wave (GW) signals produced by such present accelerations appear to be detectable after calibration against the Advanced LIGO (LIGO II). Motivated by this insight, we address the issue of the pulsar kick at birth, or short rise fling from a supernova explosion, by adapting the theory for emission of GW by ultrarelativistic sources to this case in which Lorentz factor is γ ∼ 1. We show that during the short rise fling each run away pulsar (RAP) generates a GW signal with characteristic amplitude and frequency that makes it detectable by current GW interferometers. For a realistic analysis, an efficiency parameter is introduced to quantify the expenditure of the rise fling kinetic energy, which is estimated from the linear momentum conservation law applied to the supernova explosion that kicks out the pulsar. The remaining energy is supposed to be used to make the star to spin. Thus, a comparison with the spin of ATNF pulsars having velocity in the interval 400 − 500 km s −1 is performed. The resulting difference suggests that other mechanisms (like differential rotation, magnetic breaking or magneto-rotational instability) should dissipate part of that energy to produce the observed pulsar spin periods. Meanwhile, the kick phenomenon may also occur in globular and open star clusters at the formation or disruption of very short period compact binary systems wherein abrupt velocity and acceleration similar to those given to RAPs during the short rise fling can be imparted to each orbital partner. To better analyzing these cases, pulsar astrometry from micro-to nano-arsec scales might be of much help. In case of a supernova, the RAP GW signal could be a benchmark for the GW signal from the core collapse. 
I. ASTROPHYSICAL MOTIVATION
The detection of gravitational waves (GW) is one of the greatest goals of today's relativistic astrophysics. Because of the great success of Einstein's general relativity (GR) in explaining the dynamical evolution of the binary pulsar PSR 1913+16; continuously observed over almost 30 years by Taylor and Hulse [14] , most researchers in the field are confident that the very first GW signal to be detected must come from coalescing binary neutron star-neutron star or black hole-neutron star (NS-NS, BH-NS) systems. Ongoing LIGO science runs [11] for the first time have set firm upper limits on the rate of binary coalescences in our Galaxy: at the level of a few events per year. Meanwhile the model-dependent estimate of such a rate at cosmic distance scales varies around 10 −5 [12, 13, 21] . The expectation is enormous as well for an event like the supernova (SN) explosion.
In this paper we focus on the radiation emitted when a pulsar is kicked out from the supernova remnant and is accelerated with very high speed, albeit non ultrarelativistic.
Gravitational radiation is emitted whenever the nascent neutron star or pulsar changes its * Electronic address: hermanjc cbpf.br, herman icra.it velocity, a condition that is fulfilled by the large thrust given to the nascent pulsar during the SN explosion, and also due to the pulsar dragging against the SN ejecta. (Recall that the gravitational field generated by a motion with constant velocity is nonradiative). We shall show that each individual event of launching a nascent pulsar to drift or run across the Galaxy, after a SN explosion, generates a gravitational wave signal that can be detected by current and planned GW interferometers such LIGO I, LIGO II, VIRGO, GEO-600, or TAMA-300. Nonetheless, it is stressed from the very beginning that the strain of the GW signal that we estimate below is a lower bound. The reason is that we are not taking into account the contribution to the GW amplitude, h, stemming from the effective acceleration that the pulsar receives at the kick at birth, which could be very large. Indeed, the distance over which the RAP is dragged against the supernova ejecta could also be astronomically large.
At first glance, it appears that the detection of the GW signal from the short rise must have an event rate on the order of that for SN events in our galaxy, i. e. ∼ 1 per 30-300 years. In principle such a rate has to be the same because the flinging of the pulsar could be just the aftermath of most supernova core collapses. However, in galactic globular clusters, where the frequency of formation and disruption of binary systems harboring compact stars is relatively high, the kick velocity of a pulsar partner at the binary disruption could be of the same magnitude as the one for galactic RAPs. Indeed, Vlemmings et al. [16] are pursuing a VLBI astrometry program to perform measurements of pulsar proper motions and parallaxes with spatial resolution of microarsecond. As an illustration of the performance of the high precision pulsar astrometry system they simulated the detection of the disruption of a binary system in the stellar cluster Cygnus Superbubble. This is a quite estimulating perspective for pulsar astrometry in the near future.
Therefore, there is a potential to detect such a disruption or formation of a binary system through the GW signal emitted by the abrupt acceleration or sudden increase in velocity of a given pulsar. Observations in the range of micro-or nano-astrometry with planned satellites like GAIA and other instruments on Earth and space may help to identify such a phenomenon. An advanced technology useful for this purpose is currently operative or under planning (see Ref. [17] and references therein).
The physical reason for advocating in favor of this novel possibility for GW detection is based on a number of results on the dynamics and kinematics of galactic RAPs and also on GR, as is shown next.
• 1) In a seminal paper, Spruit and Phinney [5] demonstrated that regardless of the actual physical engine driving the natal (instantaneous) pulsar kicks, that mechanism can only act upon the pulsar over a very restricted time scale, ∆T kick max , on the order of ≃ 0.32 s. This is a fundamental piece of the dynamics of observed pulsars that seems to be overlooked by workers in the field.
• 3) Observations of NSs in binary systems have allowed to estimate their masses with very high accuracy. The current values of this physical property gather around 1.4 M ⊙ [8] .
• 4) According to GR the acceleration of a mass (M ⋆ ) to a relativistic velocity (V ⋆ ); i. e. energy, should generate a GW pulse, the nature of which has a very distinctive imprint: the so-called gravitational wave memory [6, 18, 19] , which makes the amplitude of this GW signal (the GW strain) not to fade away by the end of the traction phase (the kick), but rather leaves it variable in time as much as an energy source remains active in the source.
II. GALACTIC RAPS AND SAMPLE SELECTION FROM ATNF CATALOG
Run away pulsars (RAPs) are observed to drift along the Galaxy with velocities ranging from 90 km s −1 to 4000 km s −1 (Australian Telescope National Facility (ATNF) Catalog [1], [9] ). Since most stars in our galaxy are observed to drift with average velocities of 15 − 30 km s −1 , it has been suggested that such large velocities should be given to the proto-neutron star at its birth. The kick velocity imparted to a justborn neutron star during the rise time is a fundamental piece for understanding the physics of the core collapse supernovae, to have an insight on the sources of asymmetries during the gravitational collapse and on the emission of gravitational waves during this process. There seems to be a consensus that the core collapse asymmetry driving the kick velocity of a neutron star at birth may have origin in a variety of mechanisms [25, 26] .
Although the mechanism responsible for the initial impulses has not been properly identified yet, a very strong constraint on the timescale over which it could act on the nascent neutron star (NS) was put forward in Ref. [5] . Whichever this thruster engine might be it cannot push the star over a timescale longer than ∆T kick max ≃ 0.32 s. Combining this with the NS mass, which piles-up around 1.4 M ⊙ [8] , and the above average velocity, implies that a huge power should be expended by the thruster during the pulsar early acceleration phase, and hereby a gravitational-wave (GW) burst with "memory" (understood as a steady time variation of the metric perturbation) must be released during this time, according to general relativity [6] .
The present velocity distribution (see Figs.1, 1(c)) is constructed based on the analysis of the proper motion of radio pulsars in our Galaxy after estimating their distances. Pulsar distances are estimated by using annual parallax, H I absorption, or associations with globular clusters or supernova remnants, and from dispersion measures and galactic electron density models.
This astronomy field has become a vivid research enterprise since the pioneer works of Lyne and Lorimer (LL94) [2, 3] .
However, the current view on the distribution of kick velocities is far from the original one they found through pulsar surveys fifteen years ago. LL94 showed that pulsars appear to run around the Galaxy (and its halo) with mean spatial (3-D) velocities ∼ 450 − 500 km s −1 [2] , but freeway ("cannon-ball") pulsars with velocities as high as 5000 km s −1 and slow-down millisecond pulsars with speeds of 80 km s wander also around the Galaxy [3] . Meanwhile, the situation changed dramatically with the pulsar velocity survey performed by Arzoumian, Chernoff and Cordes (ACC02) [4] , who found that such a speed distribution appeared to be bimodal indicating one distribution mode around 90 km s −1 and another near 500 km s −1 . However, this dynamic research field has shown, through new studies on pulsar proper motions, that the situation is far from having been settled. For instance, Hobbs et al. [10] have recently challenged the ACC02 findings, and have shown that their studies lead to assert that there is no evidence of a bimodal distribution. Instead they suggest that mean 3-Dim pulsar birth velocity is 400±40 km s −1 , and that the distribution appears to be Maxwellian with 1-Dim rms σ = 265 km s −1 , showing also a continuum distribution from low to high (present) run away speeds, being the last ones the tail of the velocity distribution. Hence, looking back on the surveys by LL94, the study by Hobbs et al. [10] clearly agrees with the mean velocity of 450 ±90 km s −1 found by LL94 [2, 3] .
A. Sample selection from ATNF database
In the late times the number of pulsars has increased considerably [10] . Although various researchers have kept update catalogues, since then; in general, these have been neither completed nor very accessible. The ATNF database is an effort among an australian scientific community and some foreing partner institutions. The purpose is to compile the largest amount of information about pulsars, which is subsequently made available to every researcher all over the world.
The ATNF catalogue [10] registers all published rotation-powered pulsars, including those detected only at high energies. It also records Anomalous X-ray Pulsars AXPs and Soft Gamma-ray Repeaters (SGRs) for which coherent pulsations have been detected. However, it excludes accretion-powered pulsars such as Her X-1 and the recently discovered X-ray millisecond pulsars, for instance SAX J1808.4-3658 [15] . The ATNF catalogue [10] can be accessed in a number of different ways. The simplest one is from a web interface [28] allowing listing of the most commonly used pulsar parameters, together with the uncertainties and information on the references. Several options for tabular output format are provided. Currently, a total of 67 "predefined parameters" are available. A tool is provided for plotting of parameter distributions, either as two-dimensional plots or as histograms. Zoom tools and interactive identification of plotted points are provided. Custom parameters can be defined by combining parameters in expressions using mathematical operators and functions and these can be either listed or plotted.
Finally, the sample of pulsars listed or plotted can be limited by logical conditions on parameters (see Table- I), pulsar name (including wildcard names) or distance from a nominated position. These operational tools are described in more detail below and links are provided within the web interface to relevant documentation [10] .
In this particular case, we select from ATNF, by clicking on the box to the left of the "parameter label" to select a couple of pulsar parameters: DIST and VTRANS (see Fig.1(c) ). The first parameter is the best estimate of the pulsar distance in kpc. The second parameter is the transverse velocity, given in km s −1 , based on DIST estimates. By default the results will be sorted according to the pulsars' J2000 names in ascending alphabetical order. However, sorting is possible on any parameter by typing the parameter label in the "sort on field text box" and selecting whether the sort should be in ascending (default) or descending order. However, to obtain as much information as possible some careful procedures must be followed. Because of this, we selected the listing fashion "short format without errors". The short format is used to provide a condensed summary of the pulsars parameters (see Table-V) . Finally, we selected the option "header", that produces a table with header information at the top and selected the output option "Table" (see Table-I ). Besides, it is possible to display functions of the pulsar parameters as a graph or as a histogram. For a normal (x-y) graph, the values to plot are defined as regular expressions into the "x, y-axis text box", and the axes of the graph can be displayed linearly or logarithmically. The expressions may also contain custom-defined variables or externally defined variables.
III. PRESENT GALACTIC PULSAR DYNAMICS HINTS AT DETECTABILITY OF GW SIGNALS FROM THE SHORT RISE FLING OF RAPS IN SUPERNOVAE
Next we discuss the prospective for the short rise fling of Galactic RAPs in a supernova to generate detectable GW signals. The analysis starts from the observed kinematic state of RAPs, and goes back to their kicks at birth. To such an approach we assume that before the kick the star velocity is V 0 ⋆ = 0 [7] . First, let us notice that one can combine the first three pieces discussed above together with the extremely restrictive character of the thrust timescale (∆T kick max ), the magnitude of the largest velocity (V max ⋆ ), and the instantaneous nature of the kick (V 0 ⋆ = 0). In so doing, one can then conclude that whichever the driving engine might be, it should transfer to the star at the kick at birth an energy as large as ∆E ∼ 10 51 erg. (Recall that the NS masses are piled-up around 1.4 M ⊙ ). Besides, keep in mind that according to Newton's second law: F ⋆ = M ⋆ a ⋆ , the star's inertia depends directly on its rest mass M ⋆ . Thus, putting together these ingredients one can conclude that the effective acceleration, a ⋆ , at the kick at birth of each RAP should be the same. [29] In other words, because pulsar velocities vary by more than an order of magnitude, whilst the inertia (mass) of each neutron star is essentially the same (within an uncertainty no greater then a factor of 2), one concludes that the acceleration at the kick at birth for each of the pulsars has definitely to be the same. In all our analysis below we will use this key feature.
Further, as the kick is an "instantaneous action", then the Newtonian kinematics states that the largest velocity [30] should be attained after the longest acceleration phase. That is; over the longest traction time t kick ⋆ . Therefore, the RAP kinematics during the short rise fling follows the law
where V fin ⋆ (t) defines the final (at the end of the kick) velocity of a given RAP, which is reached after a total impulsion time t kick ⋆ . Consequently, if one assumes for the sake of simplicity that the RAP transit through the interstellar space does not modify its starting state of drifting, then one concludes that the largest (presently observed velocity V max ⋆ ≃ 5000 km s −1 ) must have been reached after the elapsing of the longest timescale permitted by the kick mechanism: ∆T kick max ≃ 0.32 s [5] . Thus, after collecting all the pieces on the RAPs physics described above one can infer the characteristic acceleration received by a typical RAP. To this goal on can take the largest present velocity given by Refs. [2, 3, 4, 10] (see Fig.-1(c) ), and the constraint on the maximum traction timescale for the kick at birth [5] . That acceleration then reads
A. Estimates of present hc, fGW GW characteristics hint at prospective detection during RAPs short rise fling in supernovae
The above analysis suggests that the overall time scale for acceleration of any given RAP to its present velocity (under the assumption stated above) depends exclusively on the total energy with which it was thrusted. The actual amount of energy expended to thrust the star certainly has something to do with the nature of the driving mechanism. Hence, the GW dynamics to be discussed below, combined with observations of Galactic RAPs, may help to enlighten the path to unravel the actual thruster. Next we provide order of magnitude estimates for both GW amplitude and frequency based on parameters of RAPs currently cataloged. (In the next Section a rigurous derivation of these GW characteristics for the RAP kick at birth is presented).
Frequency estimate
From Eqs. (1)- (2) one can see that the traction time scale for any given pulsar is strictly directly proportional to its present spatial velocity. This is a conclusion of basic importance. That is, the RAP current kinematics must retain information about what happened during its short rise fling in the supernova. Thus, the frequency of the GW burst emitted during the early impulsion of a pulsar in a supernova explosion can be assumed, in a very simplified picture, as being inversely related to the total acceleration time [18] , that is,
As an example, let us take the values quoted above for V - (6, 7, 8, 9) below. As shown next, the last ones would be detectable by present-day laser-beam interferometers whenever their associate strains (computed below) are large enough (see Fig.3 for the estimates of h and f GW for the 212 ATNF RAPs sample). GEO-600, TAMA-300 strain sensitivities and the hc and fc characteristics of the GW signal produced by each of the 212 pulsars calibrated with respect to LIGO Advanced (green squares), and the same sample without calibration (blue triangles). The effect of the calibration procedure is evident.
Amplitude estimate
To have an order of magnitude estimate of the GW amplitude, h, from the present kinematic state of a galactic RAP one can use the general relativistic quadrupole formula
where r is the pulsar distance as provided by the ATNF Catalog, and
⋆ is the RAP kinetic energy. Therefore, if one combines the theoretical prediction provided by Eq.(3) with this approximate GW amplitude, one obtains the plot presented in Fig.(3) . The estimates were performed for a sample of 212 pulsares selected from the Australian Telescope National Facility (ATNF) catalog [1] . [31] Notice that Eq. (4) states that whenever the RAP velocity is time-varying the signals, whose representative points appear above the strain sensitivity limit of Advanced LIGO, would be detectable by this observatory. For a RAP with no time-varying velocity, the signal would be a direct-current-like (DC) signal that no detector might observe. (Regarding the above estimates, keep in mind that at least the pulsar motion around the Galactic center (the bulge) should be centripetally accelerated).
In Fig.-3 blue triangles represent GW signals computed following this back-of-the-envelope technique. Green squares are the obtained after calibrating the approximated signals against the strain sensitivity of Advanced LIGO. Clearly only a few RAPs would be detectable if their GW signals were described in such an approximate fashion. Moreover, this graph gives us a clear hint at the proper characteristics of the GW signal that would be emitted by a run away pulsar during its short rise fling in the supernova that makes it to drift across the galaxy. These order of magnitude estimates suggest that a RAP that was kicked out from the supernova ejecta with higher speed and acceleration would produce a clearly detectable GW signal. This perspective motivated us to study the problem using a more rigurous physical description: the theory for the emission of gravitational wave signals by ultrarelativistic sources, a GW signal which has memory. This is done in the next Section. From the analysis of this Table one can realize that most of the SNR that were obtained gather about an S/N ∼ O(1). However, an SNR of the order of unity is not enough for detection. The statistics which is the output of the matched filter must stand over the GW detector noise. Thus, if one assumes Gaussian noise in the detector and a Gaussian distributed statistics, then an SNR of something like 5, what means a chance of one in a million, is required to state that it is signal and not noise. Notwithstanding, RAPs current kinematics suggest that the dynamical situation could have been dramatically different during the short rise fling that launches each pulsar to drift across the Galaxy. In virtue of the potentiality of this phenomenon for the emission of powerful gravitational radiation signals, in the next Section we analyze the pulsar kick at birth within the framework of a theory that appears more appropriate to describe that process, and reestimate the characteristics of the GW released.
IV. GRAVITATIONAL WAVES FROM PULSAR ACCELERATION
Observations of extragalactic astrophysical sources suggest that blobs of matter are ejected with ultrarelativistic speeds (Lorentz factor γ >> 1) in various powerful phenomena involving quasars, active galactic nuclei, radio-galaxies, supernova explosions, and microquasars. For these sources the emission of gravitational waves when such an ultrarelativistic blob is ejected from the core of its host source have been studied by Segalis and Ori [19] (see also [18] for the analysis of similar phenomena in gamma-ray bursts).
Supernova explosions are known to be the natural place of birth of neutron stars and pulsars, e. g. The Crab Nebula. In processes such these, the nascent pulsar is kicked out from the supernova remnant with speed that is not so large as compared to that for the blobs in AGN or quasars, where a significant fraction of the speed of light is typical for the ejecta. Nonetheless, the velocity at birth can be considered large if one bears in mind that the typical mass of neutron stars is about one solar mass [8] . Although a galactic RAP cannot be considered an ultrarelativistic source, the pulsar rise fling during the supernova can kick it out with very high speed. That is why in the discussion below we analyze the gravitational radiation emitted during the kick at birth of RAPs within the framework of Ref. [19] . Besides, it is also of worth to keep in mind that such an approach can be applied to the early RAPs dynamics because in this case the limit γ ∼ 1 applies. This limit corresponds to the GW strain h provided by the well-known general relativistic quadrupole formula for the same dynamical situation [6] . But bear in mind that this does not describe properly the GW angular distribution.
The pulsar is envisioned hereafter as a "particle" of mass M ⋆ moving along the worldline r λ (τ ) (with τ the proper time) and having an energy-stress tensor
where Since we are using the linearized Einstein's equations to describe the emission of GW during the early acceleration phase of any pulsar, then the resulting metric perturbation produced by the RAP can straightforwardly be evaluated at the retarded time, which corresponds to the intersection time of r α (τ ) with the observer's past light-cone, and then be transformed to the Lorentz gauge where it reads: h µν =h µν − 1 2 η µνh α α . This strain can equivalently be written as
Notice that is this factor −V λ · [x − r(τ )] λ ; which depends on the velocity in the denominator of Eq. (6) , that is responsible for the nonvanishing amplitude (GW "memory" [6] ) of the GW signal produced by the launching of the pulsar into its present trajectory.
Eq.(6) must be finally rewritten in the tranversetraceless (T T ) gauge, i. e. h µν −→ h T T µν ; which is the best suited to discuss the GW detector's response to that signal. This procedure leads to the result presented in Eq. (7) .
A detailed analysis (see Refs. [6, 19] ) shows that the maximum GW strain in the detector is obtained for a wavevector, n, orthogonal to the detector's arm, in the v -n plane. Here n is the unit spatial direction vector from the (retarded) pulsar position to the observer, and v the unit spatial direction vector defining the 3-D pulsar velocity V . In this case, the GW amplitude generated by the pulsar kick becomes (c.g.s. units recovered)
where θ is the angle between v and n, that is the angle between the unit spatial direction vector associated to velocity of the pulsar, V , and the unit spatial direction vector linking the source point to the observer location, i. e. v · n = cos θ). θ V is the particular (e. g. Vela Pulsar) viewing angle that a RAP velocity makes with the direction n to the observer. ∆θ is the angular diameter of the pulsar as seen by the observer. (For galactic distances it can be assumed nearly constant for each of the RAPs in the sample under analysis). Thus ∆Ω ≃ π(∆θ) 2 is the solid angle over which the RAP is viewed. Besides, β = | V |/c, being | V | the pulsar 3-D velocity V fin ⋆ (t) defined above, and γ the Lorentz factor; which can be taken here as ∼ 1 because V fin ⋆ (t) ≪ c. It is also defined ∆φ = cos −1 cos ∆θ−cos θV cos θ sin θV sin θ . Finally, the distance to the pulsar is D ⋆ .
This formula was obtained in the form presented above first by Sago et al. [18] in discussing the GW emission from gamma-ray bursts (GRBs). It is essentially equivalent to the formula obtained by Segalis and Ori [19] in an earlier paper in which they discussed the GW emission by ultrarelativistic sources. The main different in between is related to the detailed description of the angular distribution of the gravitational radiation emitted in each of the cases that those authors analyzed. The formula indicates that the GW strain depends on the Lorentz factor, pulsar speed and distance to the observer, and also on the strong beaming effect in the case of GRBs, as indicated by the factors (1 − cos θ), and ∆Ω, appearing in the denominator of the equation. These effects are no so much important in the case of Galactic RAPs, as is evident from the pulsar speed and angular size.
This result, shown in Fig.2 , states that the GW spacetime perturbation is not strongly beamed in the forward direction n, as opposed to the case of the electromagnetic radiation in gamma-ray bursts (also shown in the same Figure) . Instead, the metric perturbation at the ultra-relativistic limit (not applicable to RAPs) has a directional dependence scaling as 1 + cos θ. In such a case, because of the strong beaming effect, as in gammaray bursts; for instance, the electromagnetic radiation emitted by the source over the same time interval is visible only inside the very small solid angle (θ ∼ γ −1 ) 2 , whereas the GW signal is observable within a wider solid angle; almost 2π radians (see Fig.2 ). Besides, the observed GW frequency is Doppler blueshifted in the forward direction, and therefore the energy flux carried by the GWs is beamed in the forward direction, too. Quite noticeable, in the case of RAPs the GW signal will have its maximum for viewing angles θ ∼ π/2, that is; for pulsar motions purely in the plane of the sky, as shown in Fig. 2 . This key physical property of the emission process allows us to neglect the radial component of the pulsar velocity because it does not contribute to the effective GW amplitude of the signal being emitted by the RAP, or in other words, to the signal to be detected on Earth. 
Symbol refers to an average of SNR square for all the directions (angles) to the GW source. In other words, it is obtained from the average rms of the amplitudes of the GW signals for different orientation of the source and the interferometer. In our computations above in Section III we applied this definition to estimate the S/N ratio given in Table II . As the attentive reader may notice, in what follows we shall use an equivalent definition of the SNR to quantify the detectability of RAPs GW signals in the context of the formalism of Ref. [19] To complete this brief discussion on the SNR, we collect below the power-laws that according to most of the experimental studies with GW interferometers are what better describe the interferometer noise in each band of the spectrum. To this purpose, it is defined the dimensionless quantity: h rms (f ) ≡ f S h (f ), wherein S h (f ) is the interferometer noise spectral density. Thus, the strain sensitivity for each frequency band is given by
Understanding these laws is straightforward if one recalls that the interferometer noise curves depend basically on four parameters:
• The threshold frequency f s : below of it the noise grows almost asymptotically. For detectors on Earth the noise source is the seismic gradients
• The frequency f m , centered in the almost flat part of the noise spectrum
• A critical amplitude h m , which is the minimum value of h rms (f )
• And the dimensionless parameter α, which determines the width of the flat band of the noise curve 
Therefore, to know whether the RAPs GW signals can be effectively detected by the currently operative interferometric detectors LIGO, VIRGO, GEO-600, etc., one needs to compute the signal-to-noise ratio with respect to the strain sensitivity of these instruments. (We refer to this procedure as calibration). In order to do that we need first to compute the frequency at which the largest part of the GW emission is expected to take place. This is the so-called characteristic frequency f c , which is dependent on the detector design properties.
Should the detector have a power spectral density S h (f ), have the characteristic frequency to be obtained from the frequency first moment of the time-dependent GW amplitude h(t), i. e.,
where h (f ) is the Fourier transform of h(t) [32] , and the symbol stands for an average over randomly distributed angles of h(f ), and it can be approximated as |h(f )| 2 = |h(f )| 2 . The characteristic frequency f c is strictly related to the characteristic amplitude h c , which is the physical quantity associated to the GW pulse h(t) to be detected by a given instrument. It can be computed as
In this way we takeh in the following form (see Ref. [18, 19] )
Here t m defines the rise time of the memory of the signal. This equation is obtained from the Eq. (7) given above. Thus, Eq. (13) is the Fourier transform of the GW waveform, where ∆h is given by (after average over angles in Eq. (7))
with G the universal constant of gravitation, γ Lorentz factor, M ⋆ star mass, D ⋆ distance to Earth, and
Therefore, the signal-to-noise ratio S/N is now computed using the relation
where
is the average amplitude of the interferometer spectral noise at the characteristic frequency.
Guided by Table- IV, this allows us to compute the characteristic amplitude of the GW burst released during the short rise time of acceleration of each RAP for which those parameters are estimated. Since we are using only the transversal velocity of the pulsars, then we set θ ≃ 90 0 in our calculations below. Our main results are presented in Figs At this stage, a note of caution to the attentive reader is needed. It regards with the appearance of the noise curves of TAMA, GEO and VIRGO GW observatories in figures from 4 through 9, in addition to the noise curves for LIGO I and LIGO Advanced, despite that the calibration of the expected signals in those figures (symbol: triangles, circles, etc.) is performed exclusively with respect to LIGO I and LIGO Advanced, independently. First, the reader must keep in mind that the position of those points in the diagram h c vs. f c will change when the calibration of the expect GW strain is performed with respect to the noise curve of a different detector, say TAMA, VIRGO, etc.. For instance, compare Fig.4(a) and Fig.5(a) which are calibrated for LIGO Advanced and LIGO I, respectively. Second, thinking on the benefit of the Scientific Community operating observatories like TAMA, GEO and VIRGO, those noise curves are included having in mind the expectation that such detectors might gain more sensitivity in both frequency band and amplitude so as to be able to catch the GW signals produced by Milky Way RAPs.
Finally, but not to the end, a direct interpretation of all the h c vs. f c diagrams in figures from 4 through 9 is that, exception done for the TAMA-300 GW detector, the signals (points) plotted in those figures appear to be not very much sensitive to the noise curves of the instruments LIGO I, LIGO Advanced, VIRGO and GEO-600. This feature justifies to include those noise curves in such figures. 
VI. MORE REALISTIC ANALYSIS OF GW EMISSION FROM RAPS
We can start with by recalling both the inertia (which is large for a neutron star progenitor) and linear momentum conservation laws, which should dominate the physics of the SN explosion that gives the kick to the neutron star. Thus, one can write
where M SN , M N S , and M RSN are the SN, neutron star, and ejected material mass, respectively. Be aware of the role of the "−" signal in front of the term for the ejected material. It is responsible for a correct description of the physics at the explosion. Without it, one would obtain immaginary values for the searched parameter V N S . Now, by assuming parameters of a typical progenitor star M SN = 10 M ⊙ , V SN = 15 km s −1 , M N S = 1.4 M ⊙ for a canonical neutron star, and for the material in the ejected envelope M RSN = 8.6M ⊙ , and expansion velocity V RSN = 3000 km s −1 (see Table-IV) , one obtains that the kick at birth velocity reads:
4 km s −1 (compare to velocities taken from ATNF in Fig.1(c) ). The discrepancy between them will be briefly discussed below. We first consider that the whole energy obtained from the conservation law discussed above goes into the pulsar kick, imparting to it no rotation at all. This is a very idealistic situation. Nonetheless, it gives us an idea on the potential detectability of those GW signals from the flinging of a pulsar out of the SN cocoon. In other words, in this first approach we assume that the efficiency, ǫ, that relates the effective RAP velocity V (which enters the calculation of h c ) and the kick speed V kick is ǫ = 1 (In the other cases analyzed below these velocities will be related through the expression: V = ǫV kick . Based on the dynamical analysis presented in the Section-III, we suppose here that the short rise time kick imparts to the pulsar an acceleration a = 10 4 km s −2 , and a birth velocity V kick = 10 4 km s −1 . The GW signal obtained for these parameters is presented in Figs.(4(a) , 4(b)). Now one can take a step further and consider that the birth acceleration is actually more larger than the one currently inferred from the RAPs galactic parameters. Several physical mechanisms can act together to impart an acceleration as large as a = 10 6 km s −2 , see for instance Refs. [23, 24, 26] , and references therein. Such a large thrust can be estimated as a ≃ V kick /∆T mech , where (10
∆T mech 10 −3 ) s, depending on the specific mechanism driving the fling. The GW signal obtained for these parameters is presented in Fig.(5(a) ).
B. Case b: Off-centered kick
Finally, we analyze the most astrophysically realistic kicks at birth: a situation where the pulsar receives both a translational and a rotationl kick. In this case, the energy transferred to the translational kick can be parameterized by an efficiency ǫ, which ranges from 0 to 1. Of course, this efficiency represents our difficulty in explaining how a specific kick mechanism becomes the kick driver. The remaining energy is supposed to be expended in making the pulsar to spin. This parametrization can be translated into a powerlaw relationship between the GW amplitude, h, and the efficiency, ǫ, of energy conversion into pulsar kick, which has the form:
This relation stems from the quadratic dependence of the GW amplitude with the β parameter appearing in Eq. (7) above. In this way, one can recover the whole spectrum of RAPs velocities as observed today and listed in ATNF catalog. To exemplify, we compute signals for values of ǫ = 0.01, 0.05, 0.10, and 0.40, which can reproduce the set of velocities V kick = 100 km s −1 , V kick = 500 km s −1 , V kick = 10 3 km s −1 , and V kick = 4 × 10 3 km s −1 , as shown in Fig.-(1(c) ). For this case, the results are presented in Figs. (6, 7, 8, 9) . To the end of the paper a brief discussion on the pulsar periods provided by the ATNF catalog is given.
Efficiency ǫ = 0.05
The following figures illustrate the results obtained for this efficiency: Fig.(7(c) ) with a = 10 6 km s −2 and Fig.(6(c) ) with a = 10 4 km s −2 for advanced. The following figures illustrate the results obtained for this efficiency: Fig.(7(b) ) with a = 10 6 km s −2 and Fig.(6(b) ) with a = 10 4 km s −2 for Advanced LIGO. Fig.(9(b) ) with a = 10 6 km s −2 and Fig.(8(b) ) with a = 10 4 km s −2 for LIGO I.
3. Efficiency ǫ = 0.40
The following figures illustrate the results obtained for this efficiency: Fig.(7(a) ) with a = 10 6 km s −2 and Fig.(6(a) ) with a = 10 4 km s −2 for Advanced LIGO. Fig.(9(a) ) with a = 10 6 km s −2 and Fig.(8(a) ) with a = 10 4 km s −2 for LIGO I. To the end, in order to make our analysis selfconsistent we next discuss the relation between the translational speed and rotation frequency of ATNF pulsars. To do this, we select, as an example, the 3-D average pulsar velocity as determined by Hobbs et al. [10] (see Table-V) . On this basis we determine the theoretical rotation periods that one could expect to find for that velocity sample if is factual that most of the explosion energy, as inferred from the momentum conservation law in Eq. (16), goes into the pulsar rotation as discussed above. (Of course we compare with the actual periods measured by the ATNF surveys). Hence the torque applied to the just-born neutron star reads
where E k is the kinetic energy of each velocity chosen for the present analysis, V pulsar velocity, M N S = 1. One can then compare these results with those presented in Table- V. It appears that the theoretical prediction is about an order of magnitude smaller (much shorter periods) than the observed, and measured by the ATNF surveys. This discrepancy may suggest that
• 1) perhaps a large part of the initial rotational energy is dissipated by processes as differential rotation or magnetic braking, especially if processes as the magneto-rotational instability [27] indeed drives a large class of supernova explosions [22] .
• 2) it may also happen that convection and neutron fingers also becomes highly effective dissipative processes, thus reducing the pulsar initial spin to the level that we are currently finding in pulsar surveys.
In summary, from astronomical statistics the number of observed Galactic RAPs is definitely much larger than the corresponding to relativistic NS-NS binaries. The typical lifetime of canonical pulsars is ∼ 10 Myr, which is defined as the duration of the radio emitting phase for objects with B ∼ 10 12 G, or the time needed for the pulsar to emit less radiation or being entirely turned off. Hence, with a statistical Galactic rate of SNe, and the likely fling out rate of just-born pulsars, of about 1 per every 30-300 years, one expects that the GW signal of the kick at birth be observable as aftermath of the SN core collapse. In other words, the RAP GW signal may become a benchmark for looking for GW signals from the SN gravitational implosion. Besides, if the GW signal from the kick to a RAP were detected, for instance, from a source inside a globular, or from either an open star cluster [16] , or a binary system harboring a compact star, such an observation might turn these RAPs the most compelling evidence for the existence of Einstein's gravitational waves.
We conclude by stating that the detection with advanced LIGO-type interferometers of individual GW signals from the short rise fling of Galactic RAPs is indeed possible. 
